Abstract: Generalized linear models were used to test the effect of fish, using ponds with and without fish and habitat features as covariates, on richness and abundance of amphibian species. Five fish species and six amphibian species were recorded in 60 permanent ponds located in central Italy. The choice of covariates (macrophyte cover and pond surface area) was made after studying the correlations. The richness of amphibian species was not significantly affected by fish presence or macrophyte cover, in line with previous studies, since almost all the fish species were non-predatory. However, abundance of urodeles (newts) was negatively affected by fish and positively affected by macrophyte cover. Although fish may strongly influence the abundance and composition of amphibian communities, the results indicate that the cover of aquatic macrophytes may increase the available habitat for amphibians and therefore their abundance. Anuran species preferred ponds where fish were present, since both groups preferred larger ponds. Concordance between fish and amphibian species composition was not found by the Mantel and Partial Mantel tests. This indicates that the fish assemblages do not predict which amphibian species occur in the pond.
Introduction
Previous studies suggest that fish predation affects amphibian communities (Hecnar & M'Closkey 1997; Smith et al. 1999; Porej & Hetherington 2005; Indermaur et al. 2010) . Predators can influence population and community dynamics directly, e.g., by consumption of prey (Menge 1995; Anholt et al. 1996) and indirectly, e.g., by consumption of resources that in turn alters the abundance of another species (Carpenter et al. 1985; Menge 1995) . However, community dynamics in water bodies are also subject to site-specific factors. Physicochemical features and surrounding land use may influence site selection by many amphibian species (Hartel 2008; Hartel et al. 2009; Landi et al. 2012) . Aquatic macrophytes can affect other animal communities in many different ways: they may provide shelter and refuge for fish and amphibians, as well as being a direct or indirect food source (e.g., Oldham et al. 2000; Cheruvelil & Soranno 2008; Santi et al. 2010; Dias et al. 2011) . Density of fish is often higher in large permanent than in small temporary wetlands and the abundance of aquatic macrophytes declines with increasing size and depth of the water body (Woodward 1983; Petr 2000; Mäkelä et al. 2004; Hidding et al. 2010) .
These relationships may create concordance between patterns of community structure of different taxonomic groups. Community concordance is the degree to which patterns of community structure in a set of locations (e.g., ponds) are similar for different taxonomic groups (Jackson & Harvey 1993; Paszowski & Tonn 2000) . Concordance assessment has rarely been applied to aquatic ecosystems as lakes and streams (e.g., Jackson & Harvey 1993; Paszowski & Tonn 2000; Heino & Mykrä 2006; Heino 2010) . Where strong positive or negative concordance is found, a taxonomic group may be used as surrogate to indicate patterns of other taxonomic groups (Heino 2010; Paavola et al. 2003) . In spite of its obvious importance, community concordance has been relatively little studied in pond ecosystems (Bilton et al. 2006; Landi et al. 2012) and especially between fish and amphibian species.
In the present study, we examined the effect of fish on richness and abundance of amphibians and the concordance between fish and amphibian communities in Mediterranean ponds. Our hypothesis was that the richness of amphibian species and the abundance of newts and anurans are affected differently by the presence of fish and by habitat features. Finally, we evaluated the concordance (Mantel test of matrix correspondence) between fish and amphibian assemblages in the ponds.
Material and methods
The study involved 60 permanent ponds located in two areas in central Italy: Natural E). These ponds were in landscapes having a similar pattern of forests and small meadows, and have not been exploited by humans for almost 30 years, when the rural areas were abandoned and nature reserves established. Each pond was considered as a single sampling unit and the following variables were recorded: presence/absence of different fish species, presence/absence and abundance of different amphibian species (expressed as number of individuals), cover of aquatic macrophytes (expressed as a percentage of pond surface area), pond surface area (m 2 ), maximum pond depth (m), water conductivity (µS cm −1 ) and pH (see Landi et al. 2012 for details of sampling method). Amphibians and fish were sampled by visual encounter survey and dip-netting proportional to pond size (duration of sampling and number of dipnets varied in relation to pond size). Between May and June 2009 and 2010, we sampled animals, recording pond features later in the same day. We used the presence and not the abundance of fish species to reduce the effort of fish sampling, because it was our hypothesis that the presence of fish species might provide a valuable basis for predicting amphibians in these small ponds inhabited by fish (median pond surface area 530 m 2 ). Many studies on the relationship between amphibians and fish use presence/absence data of fish in different ponds (see for example Ficetola & De Bernardi 2004; Orizaola & Brana 2006; Hartel et al. 2007 Hartel et al. , 2009 Jeliazkov et al. 2014) . Generalized linear models (GLM) assuming a Poisson error distribution with a logarithmic link-function were used to test the effect of one categorical factor "fish" with two levels (ponds with and without fish) on three continuous dependent variables (richness of amphibian species, abundance of urodele amphibians and abundance of anuran amphibians). The habitat features (independent continuous variables) that were correlated with the dependent variables were also used as covariates. Before GLM analysis, macrophyte cover and pond surface area (independent variables) were relativized to maximum value to reduce differences between sampling units and to place the variables on a common scale. We used the Mantel test and Monte Carlo test with 999 randomized runs to evaluate the concordance between fish (presence/absence) and amphibians (presence/absence and abundance), and the Partial Mantel test to control the habitat features. In order to generate dissimilarity matrices according to McCune & Grace (2002) , we used the Sorensen (Bray-Curtis) index for biological data (fish and amphibians) and Euclidean distance for environmental data (habitat features). Before the Mantel and Partial Mantel tests were computed, the abundance data and environmental variables were relativized to maximum values, as suggested by McCune & Grace (2002) . The GLM analysis was performed using STATISTICA 8 
Results
We collected five species of fish and six of amphibians. The fish species were Rutilus rubilio Bonaparte, 1837 (native, mainly herbivorous), Cyprinus carpio L., 1758 (parautochthonous, omnivorous), Scardinius hesperidicus (L., 1758) (translocated, omnivorous), Carassius auratus (L., 1758) (exotic, omnivorous) and Micropterus salmoides (Lacépède, 1802) (exotic, predatory) [see Kottelat & Freyhof (2007) . Some amphibian species, such as H. intermedia (endemic to Italy) and T. carnifex, were of conservation interest, being potentially threatened mainly due to destruction of their reproductive habitat (IUCN 2012) . The most frequent fish species were R. rubilio, C. auratus and C. carpio, which inhabited 40%, 30% and 25% of all ponds with fish, respectively. The most frequent amphibian species were P. synklepton hispanicus, T. carnifex and L. vulgaris, which inhabited 81%, 51% and 48% of all ponds, respectively. The most frequent and dominant macrophytes were Potamogeton natans and Chara hispida. The richness and abundance of amphibian species and the habitat features of ponds with and without fish are summarized in Table 1 .
We used macrophyte cover and pond surface area as covariates since the former was positively correlated with richness of amphibians and abundance of urodeles (Spearman's r = 0.34 and r = 0.54, P < 0.01, respectively), and pond surface area was correlated with the abundance of anurans (Spearman's r = 0.45, P < 0.01). No significant correlation (P > 0.01) was found between the three continuous dependent variables (richness of amphibians, abundance of urodeles and abundance of anurans) and the other environmental variables (depth, conductivity and pH). The results of the tests for dependent variables are given in Table 2 . The richness of amphibian species was not significantly affected by the dependent variables (fish presence, pond surface area and macrophyte cover). The results for urodeles showed that their abundance was negatively affected by fish presence with a high rate of decrease (β = -1.464) and positively affected by macrophyte cover with a high rate of increase (β = 1.752). Consistently, the highest abundance of urodeles was found in ponds without fish but with high macrophyte cover ( Table 1) . The presence of fish showed a positive correlation with abundance of anurans (low rate of increase β = 0.213). A positive correlation with abundance of anurans was also found for macrophyte cover and pond surface area (β = 0.462 and β = 0.461, respectively).
No concordance between fish and amphibian species composition emerged from our presence/absence data (Mantel's r = 0.038, P = 0.310; Partial Mantel's r = 0.042, P = 0.289) or abundance data (Mantel's r = 0.097, P = 0.091; Partial Mantel's r = 0.107, P = 0.088).
Discussion
In the present study, the richness of amphibian species did not prove to be affected by fish presence or covariates (macrophyte cover and pond surface area). Many authors (Hecnar & M'Closkey 1997; Porej & Hetherington 2005; Hartel et al. 2009) found that predator fish reduced the richness of amphibian species. It is important to mention, however, that we found only six amphibian species, one of which (Bufo bufo) is not preyed upon by fish (Smith et al. 1999; Kloskowski 2009 ). Indeed, Jeliazkov et al. (2014) found a positive relationship between fish occurrence and B. bufo. This means that future analysis of a larger number of amphibian species could give different results. Hecnar & M'Closkey (1997) and Hartel et al. (2009) found that the richness of amphibian species did not seem to be influenced by the presence of non-predatory fish. Like these authors, we found one fish (Micropterus salmoides, detected only in 15% of all ponds where fish occurred) that preys on adult amphibians; also if more fish here found may prey on larvae and eggs.
The abundance of urodeles was found to be negatively affected by fish and positively affected by macrophyte cover. This is not surprising because macrophytes provide ideal breeding sites and shelter for all amphibians, especially newts, for which they constitute the sole substrate for spawning, essential shelter for adults and larvae, and food for larvae (Griffiths 1996; Pough et al. 2004; Razzetti & Bernini 2006) . Although fish may affect the abundance and composition of amphibian communities, the present results suggest that the cover of aquatic macrophytes may increase the available habitat for newts and therefore their abundance. Similar results were found by Hartel et al. (2007) , who only, however, included emergent plants in their model, which presumably decreased the positive effect of vegetation cover on newts.
By contrast, our results showed a positive correlation between the presence of fish and the abundance of anurans. They indicated that pond surface area and macrophyte cover had a more positive effect than presence of fish on the abundance of anurans. In line with the results of Indermaur et al. (2010) , we found that anuran species preferred ponds containing fish, since both groups were correlated with larger ponds. The reason may be that large water bodies and macrophyte cover may host a diversity of environments and microhabitats, reducing competition between species (see also Griffiths 1996; Pough et al. 2004) . Furthermore, the anuran species investigated here may respond differently to the presence of fish. For example, fish can have a positive indirect effect on B. bufo, whose larvae are unpalatable to fish, while green frogs (Pelophylax sp.) show high tolerance to fish (Werner & McPeek 1994) .
In ponds without fish, Landi et al. (2012) identified the physico-chemical factors that had relationships with individual amphibian species, however, we failed to find these relationships when we investigated the richness, the abundance of urodeles and of anurans, in ponds with and without fish.
We did not find any concordance between tax-onomic groups based on fish species and amphibian species composition. This indicates that the fish species assemblages do not predict which amphibians species occur in the pond. However, our results are based on the very few amphibian species and predatory fish found in our study. While the composition of non-predatory fish may have an impact, it is presumably much less than the presence of predatory fish in a pond. Moreover, the abundance of the various fish species in the ponds could highlight the effect of fish on amphibian assemblages and richness of amphibian species. Finally, macrophyte species and physico-chemical characteristics of the water bodies may influence invertebrate assemblages (Dias et al. 2011; Kouamé et al. 2011) which are prey for fish and adult amphibians.
Conclusion
Fish may affect the abundance of newts, but the cover of aquatic macrophytes may increase the habitat available and therefore their abundance. Anurans preferred ponds where fish were present since both groups preferred larger ponds. The absence of concordance between taxonomical groups indicates that fish species assemblages do not determine the amphibian species in a pond.
